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Interactions between food components and drugs

Part 8: Effect of pectins and bile acid preparations forming stable mixed micelles on transport of quinine
in vitro
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Interactions between quinine and acetylated pectin, amidated pectin and pectin with blockwise arrangement of the free
carboxyl groups as well as interactions between quinine and bile salt preparations forming stable mixed bicelles have
been investigated. A diffusion cell with two compartments and an artificial lipid membrane and a filter-grown colon
carcinoma cell line (Caco-2) have been used. Depending on structural parameters, pectin preparations diminished the rate
of permeation of the drug. Above the critical micelle concentration, the bile salt preparations influence the quinine trans-
port stronger than the pectin preparations. The strongest inhibition of the quinine permeation showed a stable mixed
micelle preparation consisting of glycodeoxycholate, palmitic acid and lecithin. The Caco-2 cell line appears to be not as
suitable as artificial lipid membranes to study drug transport in the presence of the bile salt preparations.

1. Introduction

The bioavailability of orally applied drugs is influenced
by food or food components [1±4]. Dietary fibres such as
pectins are able to interact with drugs for a long time be-
cause they are not hydrolysed by the enzymes of the
small intestine. Bile salts change the dissolution rate and
the absorption of poorly absorbable drugs by lowering the
surface tension of the gastrointestinal fluid or by micellar
solubilization. They alter the tranport across the intestinal
wall also by affecting the fluid and electrolyte balance.
Bile salts decrease the viscoelasticity of the mucos layer,
induce mucos secretion and influence the permeability of
the mucosal membrane [5±16]. Therefore the aim of this
study was to investigate the in vitro permeation of quinine
across artificial lipid membranes in a two compartment
diffusion cell in comparison with permeation across a fil-
ter-grown Caco-2 cell monolayer. The transport is influ-
enced by the dietary fibre (pectin with different structural
parameters) [17] and the bile salt (glycodeoxycholic acid
and in combination with lineolic acid, palmitic acid, stea-
ric acid, lecithin respectively) preparations forming stable

mixed micelles. The objective of this work was to study
in vitro the influence of dietary fibre and the bile salt pre-
parations on the permeation of a lipophilic drug and to
compare different model systems. For this purpose, the
lipid membrane model of Neubert/FuÈrst (N/F-model) [20,
22] equipped with a dodecanol membrane and the Caco-2
cell line [23, 24] were used.

2. Investigations, results and discussion

In the N/F-model, the concentration of quinine increases
generally in the acceptor compartment with icnreasing
time. But in the presence of pectins (Table) with a block-
wise arrangement of free COOH, the rate of permeation
(flux) diminishs with decreasing the degree of esterifica-
tion (Fig. 1). Additionally, the permeation of the drug de-
creases with an increasing degree of acetylation and ami-
dation (Table) of the pectins (Fig. 1). However, these
effects are relatively weak. A stronger influence on the
flux of quinine has been observed in the presence of bile
salt above the CMC. Addition of fatty acid or lecithin
does not influence the transport of quinine in comparison
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Fig. 1: Influence of pectins with a blockwise distribution of free carboxyl groups (BL), acetylated pectins (AC) and amidated pectins (AM) on the perme-
ated concentration of quinine in the acceptor compartment (N/F model) after 120 min.
(Q = experiment with quinine in the absence of pectins)



with the bile salt preparation above the CMC. On the
other hand, the combination of bilt salts and fatty acids or
fatty acids and lecithin has the strongest influence on the
transport of quinine (Fig. 2).
The mixtures of bile salts with fatty acids and/or lecithin
are able to form stable mixed micelles [14, 15, 25, 26].
These stable micelles are formed during digestion of lipids
in the small intestine. It is reported in the literature that
drugs such as quinine have a very high affinity to these
micelles due to ionic interactions between the anionic
mixed micelles and the cationic quinine [21, 22, 32, 33].
Furthermore, hydrophobic interactions seem to take part in
these interactions because quinine has a moderate lipophi-
licity at pH 7.2. Therefore, these stable mixed micelles are
more important for potential interactions between drugs
such as quinine and food constituents as discussed up to
date in the literature. These results clearly indicate that the
permetation of drugs such as quinine decreases much
more rapidly by incorporation into stable mixed micelles
than by interactions with dietary fibres such as pectins.
The influence of the pectins on the permeation of quinine
is lower despite of the existence of electrostatic forces be-

tween pectins and quinine. Dietary fibres such as pectins
seem to have just a low potential for interactions with
drugs. However, these results have to be confirmed in vivo
at the pharmacokinetic level.
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Fig. 2: Influence of glycodeoxycholic acid (GA) alone and in combination with lecithin (LE) and/or fatty acids on the permeated concentration of quinine
in the acceptor compartment (N/F model) after 120 min
(Q � experiment with quinine in the absence of bile acids and micelles; GA** � bile salt concentration: 15 mM; palmitic acid (PA), stearic acid
(SA), linoleic acid (LA), and LE concentration � 1.8 mM).

Fig. 3: Influence of pectin BL-4 or of glycodeoxycholic acid (GA) alone and in combination with stearic acid (SA) or palmitic acid (PA) and lecithin (LE)
on the concentration of quinine in the acceptor compartment using Snapwell filter-grown membrane with Caco-2 cells after 120 min.
(Q = experiment with quinine in the absence of bile acids and micelles, concentrations see Fig. 2).

Table: Characterization of the pectins

Pectin Composition of the preparations
preparation

Galacturonan
(%)

DE
(%)

DAc
(%)

DAm
(%)

BL-1 72.8 92.8
BL-2 72.7 71.8
BL-3 89.8 54.4
BL-4 73.9 34.5
AC-1 75.5 49.2 13.5
AC-2 84.5 48.6 55.0
AM-1 72.0 39.3 10.3
AM-2 72.2 13.4 38.1

DE, degree of esterification; DAc, degree of acetylation; DAm, degree of amidation;
BL, pectin with blockwise distribution of free COOH; AC, acetylated pectin; AM, ami-
dated pectin



In the Cacao-2 cell monolayer system SnapwellTM the
transport inhibition showed the same tendency. The pre-
sence of bile salts alone caused a concentration- and time-
dependent loss in compact monolayer organsiation with
disruption of cell contacts. The negative effect of the bile
salts has been observed only when the bile salts were
used alone. Nevertheless, the permeation of quinine into
the acceptor compartment is similarly reduced compared
to the results with the artificial lipid membrane model
(Fig. 3).
The strongest effect on transport of quinine across the
membranes is found with a ternary system consisting of
glycodeoxycholic acid, palmitic acid and lecithin. The qui-
nine concentration in the acceptor compartment is drasti-
cally reduced in this case.
Therefore, in the future it is necessary to investigate the
influence of the incorporation of drugs such as quinine
into stable mixed micelles on the pharmacokinetics of
these drugs.
The transport across membranes and the resultant absorp-
tion of quinine is influenced by food components such as
pectin or glycodeoxycholic acid preparations. In the pre-
sent study, the results show a stronger decrease in absorp-
tion rate of quinine when mixed bile salt micelles are pre-
sent in the donor solution. A bile salt concentration above
the CMC shows the strongest interaction with quinine per-
meation, particularly in a mixture with high concentrations
of fatty acid and lecithin. The use of a Caco-2 cell mono-
layer system does not yield more reliable results than the
artificial lipid membrane because of a disruption of cell
contacts of the monolayer organization when bile salts
preparations were used.
In conclusion, the use of Caco-2 cell systems appears to
be not very suitable to study gastrointestinal interactions
caused by mixed bile salt micelles. Further studies with
other model systems in vitro and in vivo are necessary to
develop simple and rapid methods for detecting the inter-
actions between drugs and food components. Based on the
above results in vitro and in vivo experiments are in pro-
gress in order to evaluate the influence of the mentioned
stable mixed micelles on the pharmacokinetics of quinine.

3. Experimental

3.1. Materials

The pectin solutions consists of 0.5% referred to galacturonan. Pectins
with blockwise distribution of free carboxyl groups were prepared by gra-
dually de-esterification of high-esterified pectin with pectin esterase from
oranges [27]. Acetalyted pectins were prepared by treating pectin with
acetic anhydride in formamide/pyridine. Amidated pectins were prepared
with Nh4OH in EtOH [16]. Glycodeoxycholic acid (Sigma-Aldrich, Dei-
senhofen, Germany) preparations in concentrations with exceeding and not
exceeding the CMC and in addition with linoleic acid, palmitic acid and
stearic acid (Sigma-Aldrich, Deisenhofen, Germany) and/or lecithin (Sig-
ma-Aldrich, Deisenhofen, Germany) were taken.

3.2. Methods

The permeation model system of Neubert/FuÈrst (N/F-model) [20, 22] was
used. It consists of donor and acceptor compartment separated by an artifi-
cial lipid membrane with dodecanol as lipid and collodium as matrix. The
SnapwellTM diffusion chamber system was available with a filter-grown
cell monolayer of human colonic carcinoma cell line Caco-2 (Costar, Bo-

denheim, Germany). Caco-2 cells were grown to confluency for 21 days
on Costar snapwells under standard cell culture conditions. The experi-
ments were carried out at pH 7.2 phosphate buffer (N/F) and culture med-
ium (Snapwell TM) and 37 �C and at pH 7.2 in the presence of 1.1 mmol/l
quinine (Caesar & Lorenz, Hilden, Germany). The concentration of quinine
was measured in acceptor compartment using HPLC (Kontron, Neufahrn,
Germany) with UV-detection.

* Part 7: Pharmazie 53, 473 (1999) [34].
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